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© 1 -IMitro-9-hydroxyalkylaminoacridines or their salts. 

(57) 1-Nitro-94iydroxyalMami noac ™ dines or the * r sa * ts °* 
formula 1 • 




wherein R is a normal or branched alkyl chain in which n = 2, 3 
^ or 4, useful as antineoplastic agents. 
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1-Nitro-9-hydroxyalkylaminoacridines or their salts 



The subject of the present invention are 1-nitro-9- 
hydroxyalkylaminoacridines or their salts of the formula 1: 



N0 2 NH-Rn-OH 




10 wherein R is a normal or branched alkyl chain (respectively 
alkylene chain such as CE 2 ) in which n = 2, 3 or 4. 



These compounds are useful as anti-neoplastic agents. 
Until now from British Patent No. 1,093,384 1-nitro-9- 
dialkylaminoalkylaminoacridines are known, characte- 
rized by formula 2: 



15 



20 



25 




1 2 
wherein R is the same as R and such as methyl or ethyl, 

n is 2 or 3. 

These compounds have identical substituents at the ter- 
minal nitrogen (N^ ) in the aminoalkylamino chain at a 
position of the acridine system. 
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1-nitro-9-alIcyl aminoa:lkylaminoacriai:neS °* for ™ ula 3 

■ M 

no 2 rf(cH 2 ) n i< 





5 



10 in which R is a methyl , ethyl , propyl, isopropyl, butyl, 

isopentyl, benzyl or cyclohexyl group and n is 2 or 3, ^ 
are disclosed in British Patent No. 1,528,723. 

Compounds having the formula 4 



20 in which R is a lower alkyl such as methyl or ethyl, 

2 1 
R 1 is a hydrogen atom or methyl, R is the same as R , 

with the proviso that R 1 is not equal to R 2 and n = 0 £ 

or 2 are disclosed in U.S. patent 4,150,231. 

25 A disadvantage of the compounds described above is 

their high toxicity, instability, especially in aqueous 
solutions, in which they are easily hydrolysed to the ^ 
1-nitroacridone r which is a water insoluble product 
without biologic activities. Aqueous solutions of 

30 these compounds have a lower pH (pH about 4) which 
is responsible for side effects such as a local 

irritating action on intravenous injection. ^ 

Moreover, they exerted unpleasant effects on the di- 
35 gestion track, e.g. long-lasting nausea and vomiting. 

■ u 
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These effects very frequently render their use to be 
impossible or limit their use and restrict the prepara- 
tion of various medicinal forms thus decreasing the range 
of their application. 

The invention relates to a 1-nitro-9-hydroxyalkyl- 
aminoacridines or salts thereof having the general for- 
mula 1 , where R is a normal or branched hydroxyalkyl 
chain in which n = 2, 3 or 4. 



The subject compounds differ from those described in 
the previous patents by substituent at position 9 of the 
acridine system. Contrary to the derivatives described 
above, these compounds have a hydroxyalkylamine group 
15 at this position. 



r 



1-nitro-9-hydroxyalkylaminoacridines have high anti- 
neoplastic activity, which was confirmed by many tests 
in vitro and in vivo. The pharmacological examination 

20 showed, they are less toxic than the derivatives of acri- 

dines known from British Patent No,, 1 ,093,384, No. 1 ,528,723 | 
and U.S. Patent No. 4 , 150,231 . One of the compounds in .: ;;>, 
questioncompound codena med' C-857 has been qualified 
for clinical evaluations after extensive pharmacological 

25 studies. 

The anti-neoplastic properties of the subject group ^ 
of new derivatives of 1 -nit.ro- 9 -hydroxyalky lamino- 
acridines were investigated many times, using the 
30 tests described below. 
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I. Methods in vitro 

1 . Tissue culture (LS-leucocytic seriets line) 
The investigations were carried out using the tissue 
5 culture method elaborated by Eagle and Faley. Cancer 
Research IjJ, 1017 (1958), modified by Smith and colabo- 
rators (Cancer Research 29,843 (1959) ) . 



The experiments were carried out in neoplastic calls 
10 of human origin, so-called LS-lines (leucocytic series 
lines) using the Eaglet nutrient medium with 1 % of 
calf's serum added. 

The tests were performed in test-tubes, inoculating with 
15 4 ml of the suspension (40-80 thousand cells) , which is 
equivalent to 40-80 \xg of cell protein. 

The growth of the culture was determined by estimating 
the increase in cell protein. This estimation was 
20 carried out photometrically, using Folin-Cicaltean 1 s 
reagent according to the method elaborated by Oyama 
(Proc. Soc. Exp. Biol. Med. 91_, 305 (1956) ). 

Simultaneously with inoculation of test-tubes with cells, 
25 the amount of 0,2 ml of aqueous solution of the compound 
being tested was added, so that the concentration should 
be obtained as follows: 100, 10, 1, 0.1, 0.01 and 
0.001 ug/ml of the nutrient medium. The test-tubes were 
incubated at a temperature 37 °C. After 72 hours the in- 
30 crease in cytoprotein in the test-tubes was determined. 
Each concentration was carried out in duplicate. The 
concentration of the substance at which an inhibition 
\U> of the increase in cell protein of 50 % was obtained 

compared with the control and the so-called ED 5q (or 
35 ID 5 0 ) was also determined. The percent of this inhi- 
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bition was calculated according to the following formula: 

% inhibition = final protein concentration in control 
g final protein concentration in control 

final prote in conce ntrati on in test 
- c . x 10Q 

initial protein concentration in control 

10 According to the generally accepted norms, commonly 

accepted for active compounds there are admitted such 
compounds whose ED 5q value is equal to 1 ixg/ml. Leiter 
and collaborators (Cancer Res. Supl. Cancer Chemoth. 
Screening Data XXXV, 2, 25, 522, (1965) ) are of the 

15 opinion, that such compounds should undergo clinical 
investigation paying no regard. to results obtained 
during the investigation "in vivo". 

The compounds belonging to the group mentioned above 
20 were tested by this method several times. 
Their value ED 5o was 0.00007 ug/ml. 

2. The Miyamura Test (cells of the Ehrlich cancer) 
25 The method involves the determination of dehydrogenase 
inhibition activity Ehrlich cancer cells (5 x 10 6 in ml) 
by the compound, under test, which is expressed as the 
diameter of the zone of non-reduced redox-dye (resazurine) , 
which is formed around a cylinder containing 1 % of solu- 
30 tion of the compound tested after 5 hours of incubation 
at a temperature of 37 °C. 

According to commonly accepted criteria, the compounds 
for which the inhibition zone is at least 20 mm, are 
35 accepted as active. 
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The acridities of the formula 1 show exceptionally high 
antineoplastic activity, which amounts from 31-33 mm for 
several .compounds by this test. 

3. Inhibition of germination * of the cress seeds 
(growth test) 

On a Petri dish 80 mm in diameter 20-25 cress seeds are 
placed, as uniformly as possible, on two layers of filter 
paper . 

Subsequently 30 ml of solution of the compound tested 
of concentration 1 mg/ml are powdered onto these dishes 
and distilled water is added to the control dish- The 
15 dishes were- incubated for 24 hours at temperature of 
20-30 °C and then the length of the growing shoots 
was measured. 

The effect of the inhibition is expressed in percent 
of the reduction of the average length of growing shoots 
tested, in comparison to the control. 

The percent of germination inhibition of cress seeds 
for the applied group of compounds is 87r94%. 

II . Methods in vivo 

The growth inhibition of Crocker sarcoma (Sa-180) in 
30 mice. 

For these experiments three-months old mice of about 
25 g in weight were used. Each was inoculated with mouse 
sarcoma (Sa-180) and then they were divided into groups: 
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a group of 10 control mice, and tavo to f our test groups of 7 
mice each. 

The compounds to be investigated were administered 
intraperitoneal ly in appropriate doses after previous 
5 determination of maximum tolerance dose. 

The percent difference between the mean weight of tumors 
isolated from control and test mice was accepted as 
a criterion for the evaluation of antineoplastic activi- 
0 ty of the compounds, taking into account the toxic effects 
Compounds were regarded as active if they exerted at least 
40 % tumor growth inhibition in at least 2 tests without 
deaths of animals (less than 2 mice) and showed mean 
weight losses no higher than 4 g. 

5 

The in vivo investigations of several compounds of the 
present invention were carried out repeatedly, e.g. for 
the preparation allocated the code number C-857 i.e. 
1 -nitro-9- (hydroxyethylamino)acridine hydrochloride , 
3 33 determinations in ten series were accomplished using 
different doses and an optimal growth inhibition of the 
Crocker sarcoma (Sa-180) was shown to depend upon the 
dose. 

» 

After doses of between O.2-0.8 mg/kg.the percent of inhi- 
bition was 44-86% respectively. Similarly, for the pre- 
paration allocated the code number C-934 , i.e. 1-nitro-9- 
(hydroxybutylamino) acridine hydrochloride, after doses 
of between 0.2-0.4 mg/kg percent of inhibition was 
45-60 % respectively. 

Pharmacological examination 

Pharmacological examination of the compound C-857 was 
carried out in mice, rats and rabbits. The acute, 
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subacute, and long-term toxicity were studied in rats 
and rabbits (orally and intraperitoneal^) and in mice 
(intraperitoneal^) . LD 5q is 10.58 mg/kg in mice 
(intraperitoneal^) , 9.2 mg/kg in rats (intravenously), 
and 11.4 mg/kg in rabbits. In the subacute toxicity 
studies (3 weeks) 1/60 and 1/120 of LD 5o were considered; 
in the long-term toxicity evaluations (3 months) - 1/200 
and 1/400 of LD 5q . 

The maximal tolerated dose, LD 1Q , was 2.5 mg/kg in mice 
when compound C-857 was administrated intraperitoneal ly. 
When administrated intravenously, however, in doses in- 
creasing to 20 mg/kg preparation C-857 did not exert 
any significant effect on the circulatory system and 
showed only a weak spasmolytic action. Its effect on 
central nervous system was weak and irregular . In a dose 
corresponding to 1/2 of LD 5q it inhibits the spontaneous 
mobility and shortens hexobarbital • anaesthesia. It 
does not show any analgestic or anti-conclusive activi- 
ty. Its immunosuppresive action measured in contact 
allergy tests, local transplant-host reaction tests and 
post adjuvant multiarticular inflammation is minimal 
and appears only after the total dose corresponding to 
1/5 of LD 5o . 

The following effects were observed in. the subacute 
toxicity investigations: moult, dyspndea, lack of thirst, 
diarrhoea, and loss of body weight. About 15-40 % of 
total number of mice died after a dose of 1/120 of LD 5o - 
The increase in the number of leucocytes (particularly 
in rabbits) and decrease in relative number of lympho- 
cytes were observed. However, no changes in the number 
of red cells were found. Liver and kidney function tests 
showed no pathological abnormalities. The preparation 
C-857 induced some drop of the urine level in rabbits. 
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The histologic studies were limited to nectrotic inflam- 
mation of the liver capsule and peritoneum of intestine 
wall. No pathological abnormalities in interneal organs 
(liver, kidney, thymus gland) were observed. L 

5 

Long-term toxicity observation showed only general 
changes involving decrease in physical activity, lack 
of thirst or occasional diarrhoea. The preparation C-857 
administrated intraperitoneally exerted . locally irri- ^ 
10 tating action. Insignificant changes in liver and kid- 
neys were reported, though no changes were found in 
thymus gland and intestine. The preparation C-857 was 
found not to change the spleen-liver index. 

15 Hematologic studies showed a decrease in the value f 
of hematocrit (in rabbits) , leucocytosis and decrease 
of relative content of. eosinophis (in rabbits and rats) . 
The evaluation of activity of AspAT and ALAT enzymes 
revealed no changes. Slight changes, however, were ob- 

20 served in activity of alkaline phosphatase. No changes f 
of urea and creatinine content were found. * 



The preparation C-857 was found not to produce myelo- 
toxic effect on cells forming colonies in marrow in 
25 mice, splenic colony technique, even in a dose equal 

to L^5 0 * The effect of action of compound C-857 is simi- 
lar to that of Bleomicine which is non-toxic for 
marrow. 

30 The preparation C-857 did not exert vomiting effect 
in pigeons. 

The 1-nitro-9-hydroxyalkylaminoacridines and the method 
for obtaining them, are illustrated by the following 
35 Examples. 
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Example 1 

To 6.4 g of l-nitro-9-phenoxyacridine dissolved in 
20 g of freshly distillated phenol, 2 g of 2-amino- 
ethanol . hydrochloride was: added and the mixture heated 
for 40 minutes at a temperature of 80°C. The reaction 
mixture was then cooled, diluted, with ether and then 
poured into a dry ether which was acidified with an 
ethereal solution of hydrogen chloride. The orange- 
coloured precipitate of 1-nitro-9- (2-hydroxyethylamino)- 
acridine hydrochloride, obtained in this way was fil- 
tered and crystallized from dry ethanol . The melting 
point of the compounds obtained, was 170°C f with decompo- 
sition. Yield 91 %. 

Chromatographic analysis: 

1) on neutral aluminium oxide 60F-254 (Merck ) in 
solvent system benzene : acetone : methanol 
(3:1:1) , R F = 0.6 

2) on the silica gel (Merck) in solvent system 
butanol: acetic acid : water (4 : 1 : 1 ) , Rp= 0.45 

Elementary analysis for the formula: 
C 15 H 14 N 3°3 C1: 

calculated : 56.47 % C, 4.42 % H, 13.17 % N 
determined: 56.44 % C, 4.40 % H, 13.03 % N 

Example 2 

3.16 g of 1-nitro-9-phenoxyacridine was dissolved 
in 15 g of phenol and 1 g of 3-aminopropanol hydro- 
chloride was added and heated 30 minutes at a temperature 
of 60°C. After heating, the reaction mixture was cooled, 
diluted with benzene and poured into anhydrous benzene. 
The crude yellow solid was precipitated, washed with 
ether and recrystallized from a mixture ethanol /ether . 
Obtained in this way 1-nitro-9 (3-hydroxy propylamino) - 
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acridine hydrochloride have the melting point 180°C 
with decomposition. 

Chromatographic analysis: 

1) on neutral aluminium oxide (Merck) in the solvent 
system: benzene : acetone : methanol (3:1:1^ 

Rp = 0.55 

2) on the silica gel (Merck) in the solvent system: 
butanol : acetic acid : water (4:1:1) , 1^= 0.45 

Elementary analysis for the formula: 
C 16 H 16°2 N 3 C1 

calculated: 57.53 % C, 4.8 % H, 12.58 % N 
found: .57.63 % C, 4.97 % E, 12.43 % N 



Example 3 

3.9 g of 1-nitro- 9 -phenoxy acridine was dissolved in 
20 ccm of phenol, 1.1 ccm of 2-amino-1 -butanol was 
added and heated for 20 minutes at a temperature of 90°C, 
The reaction mixture was then poured into anhydrous 
ether. After distilling off part of the solvent used 
the crude-oil product obtained was crystallized from 
a mixture of benzene and petroleum ether; melting point 
. 107 °C, yield 99 %. Orange-yellow base of 1-nitro- 
25 9 (1-hydroxymethylpropylamino) -acridine obtained in this 
way may be converted into its corresponding salts of 
organic and minerals acids, i.e. hydrobromide acid, 
citric acid, tertaric acid, methene sulphonic acid, 
lactic acid. 



35 



Chromatographic analysis: 

1) on neutral aluminium oxide (Merck) in the solvent 
system: benzene: acetone : methanol (3:1:1), 
Rp = 0.7 
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2) on the silicagel (Merck) in solvent system s 
butanol : acetic, acid : water (4:1:1), 
Rp = 0.6 

Elementary analysis for the formula: 

C 17 H 18 °3 N 3 C1 (for the h y drochloride salt) 
calculated: 58.67 %C, 5.21 % H, 12.08 % N 

found: 58.80 %C, 5.17 % H, '11.84 % N 

Example 4 

To 6.4 g of 1-nitro-9-phenoxyacridine which was dissolved 
in 30 ccm of phenol, 2.4 g 4 -amino-1 -butanol hydro- 
chloride was added. The reaction mixture was heated 
for 20 minutes at a temperature of 100°C. After 
cooling, the reaction mixture was poured into 1 .-5 1 
of cooled anhydrous ether. The orange precipitate of 
1-nitro-9 (4-hydroxybutylamino) acridine hydrochloride 
was filtered and crystallized from a mixture of anhy- 
drous methanol-ether. The melting point after crystalli- 
zation was 168°C with decomposition: yield 90 %. 

Chromatographic analysis: 

1) on neutral aluminium oxide (Merck) in the solvent 
system: benzene : acetone : methanol (3:1:1), ■ 

Rp = 0.65 

2) on the silica gel (Merck) in solvent system: 
butanol : acetic acid : water (4:1:1) ,• Rp = 0.5 

Elementary analysis for the formula: 
C 17 H 18 0 3 N 3 C1 

calculated : 58.67 % C, 5.21 % H, 12. 08 %.N 
found: 58.69 % C, 5.20 % H, 12.16 % N. 
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Claim: 



1-Nitro-9-hydroxyalkylaminoacridine3or their salts 
of the formula 1 

N0 2 NH-R n -0H 



10 




wherein R is a normal or branched alkyl chain in 
which n = 2, 3 or 4. 
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FORMULA 1 
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t^0 2 tsH(CH 2 ) n N x 



H 




R 



FORMULA. 3 




FORMULA 4 



